The double-stranded complex of polyinosinic and polycytidylic acids (poly I: C) inhibits the replication of poliovirus in Detroit cells. By a plaque reduction assay a linear relationship was found between the logarithm of the plaque reduction % and the logarithm of the poly I: C concentration, with about 5o % inhibition by o-~/zg./ml. of poly I: C.
INTRODUCTION
Following the interest in double and multistranded complexes of synthetic homopolynucleotides as inducers of interferon (Field et al. ~ 967; Vilcek et al. 1968) , some observations on the effect of these compounds on cell-virus systems have recently been made.
The antiviral activity of poly I:C is shown to be due to de novo synthesis of interferon (De Clercq & Merigan, I969) . According to Margolis & Levy 0969 ) the RNA synthesis in mouse L cells is increased several fold in the presence of poly I:C at a concentration of Io to 50/zg./ml. Most of the excess incorporation into RNA was found in the heterogeneous nuclear RNA.
Reports on the toxicity of interferon inducers are few and scanty. Kawade & Ujihara (r 969) found o-I to I #g./ml. of poly I:C to be toxic to chick embryo cells. Margolis & Levy 0969) working with IO to 50 #g./ml. on mouse L cells did not report such toxic effects. In the present experiments toxic concentrations of poly I:C are used to study the effect on RNA synthesis; cell number and vital staining are used as indicators of cell damage. Numbers on the abcissa indicate applied volumes of equimolar solutions of poly I and poly C in 6 mM-sodium phosphate + oq5 M-NaCI, pH 7"o. IO min. after mixing at room temperature the mixtures were transferred to an icebath and left for I hr before spectrophotometric observation. Eluate volume (ml.) Preparation of the poly I: C complex. Polyinosinic acid (poly I) and polycytidylic acid (poly C) (Mile's Laboratories Inc., Indiana) were dissolved in o.oo6 M-sodium phosphate and o. ~ 5 M-NaC1, pH 7"o, at a concentration of 4/zmoles/ml. The maximum hypochromic effect on complexing (Michelson, Massoulie & Guschlbauer, r967) was obtained with 60 % poly I and 4o % poly C ( Fig. I ) and this ratio was used in all experiments. With poly I purchased more recently from the same company the maximum hypochromic effect was found with 4o % poly I and 6o % poly C. This batch of poly I was less soluble than the first, probably due to larger chain length. Gel filtration of the poly I : C complex on Sepharose 4 B showed that about 7 ~o of the poly I remained as single strands. A small amount ofpoly C was also present, evident from the spectral characteristics of fractions 13 to 17 (Fig. 2) , which could not be estimated in the presence of complex of similar size.
The poly I:C complex was prepared at room temperature and after ~o min. it was left for I hr on an icebath before immediate use. During this hour there was no change in extinction at 233 nm.
RNA extraction. Whole cells were extracted by a combination of methods (Scherrer & Darnell, t962; Penman, I966; Wagner, Katz & Penman, I967) which produced pure RNA with no material remaining on the top of the gels after electrophoresis. Extracted RNA was dissolved in electrophoresis buffer (about I mg./ml, of RNA) and stored at -ao °.
Polyacrylamide gel electrophoresis. Gels of 2.2 % were used according to Loening (1967) , on which the 4 s RNA moved about 4 cm. in I½ hr at a current of 5 mA/gel. Gels were prerun for I hr before the application of the RNA samples, which were made 5 % in respect to sucrose.
After electrophoresis the gels were transferred to a quartz cuvette and u.v.-scanned in a Joyce-Loebl Chromoscan instrument equipped with Ni-Co and p-dimethylamino-benzaldehyde liquid filters.
A Mickle chopper (H. Mickle, Gomshall, Surrey, England) was used for chopping the frozen gels transversely into I ram. slabs which were dried on filter paper and assayed for radioactivity.
RESULTS
Preliminary experiments with the poly I:C complex in Detroit cells showed that about o. t #g./ml. resulted in a 5o % inhibition of poliovirus plaques. Single strands alone had no effect on plaque formation when tested at up to Io #g./ml.
De Clercq & Merigan (i969) reported some, but not all, single strands to be effective at 4o/~g./ml. Kawade & Ujihara (~969) stated that the presence ofpoly I, poly C or of r-RNA of different origins depressed the ability of poly I: C complexes to induce interferon synthesis. A concentration of Ioo #g./ml. of single strands was required for this effect. Analysis of the RNA by polyacrylamide gel electrophoresis showed an even distribution of the excess RNA on all RNA bands, except for the 32 s RNA, in which the incorporation was increased by 60 ~o (Fig. 4) .
Incubation of the cells for 2o hr in the presence of inducer and isotope showed that there was no block in the normal processing of RNA, as the excess isotope measured in the 32 s RNA after incubation for 3 hr was found to accumulate in the ribosomal RNA fractions Plaque inhibition by poly I: C I [5 after 20 hr (Fig. 5) . The high specific radioactivity of the 32 s RNA band at 3 hr of incubation therefore probably reflects a radioactive pulse passing through the 32 s RNA in response to increased RNA synthesis induced by poly I:C. . The RNA was extracted from whole cells according to the procedure described in the text. 2.2 ~ gels were run for I hr before application of 30 #g./gel of RNA. Electrophoresis was carried out for I-} hr at 5 mA/gel. Electrophoresis buffer was: 36 mM tris, 30 raM-sodium dihydrogen-phosphate, t mM-EDTA, pH 7"6-7"8 and 0'2 ~ sodium dodecylsulphate. The u.v.-scanning was performed shortly after the electrophoresis was completed. The gels were frozen and sliced artd the I mm. slabs were dried on I-} X I½ cm. filter paper bits and transferred to the liquid scintillation vials. --, Extinction at 265 rim. ; ...... , ~4C (counts/min). 
DISCUSSION
The mechanism of action of interferon inducers, and of their toxicity to cells at high concentrations is not known. The results of Margolis & Levy (I969) may indicate a derepressor function in response to which interferon is synthesized (De Clercq & Merigan, 1969 On the other hand, the amount of inducer used is probably above the toxic level for the cells, and the reported stimulation of RNA synthesis may be part of a general set of mortal reactions induced by the high concentration of inducer. In contrast to previous claims, Bausek & Merigan (I 969) found the antivirus activity of poly I: C to be insensitive to actinomycin, making the proposed derepressor function of poly I:C doubtful.
The use of complexes of synthetic double-stranded homopolynucleotides as therapeutic agents in virus infections depends, of course, on toxicity revealed in short-and long-term experiments on cells and on intact animals. The conditions for Detroit cells are promising since o.oi #g./ml. results in about 2o % plaque inhibition, whereas 5 #g./ml. seems to be without toxic effect over 48 hr.
It is worth noticing that previous experiments by some workers with poliovirus and interferon have indicated that this virus responds only poorly to the action of interferon. The present results show that poliovirus multiplication is sensitive to the action of poly I: C at about the same concentration as reported for the viruses of vesicular stomatitis, Semliki Forest and Sindbis.
The increased incorporation of [14C]uridine-2 into the RNA of cells incubated with high concentrations of poly I: C does not necessarily reflect an increased RNA synthesis in these cells. Poly I:C has been reported to increase cell membrane permeability, which could result in a more rapid diffusion of isotope into the cells, although equilibrium with uridine is normally obtained rapidly. More important is the enhancing effect of poly I:C on phosphorylation of uridine, yielding more labelled nucleoside triphosphate available for RNA synthesis.
The reason for the 6:4 optimum ratio in poly I:C is believed to be due to a higher content of short strands in the batch of poly I originally purchased from Mile's Laboratories. A batch purchased 6 months later was far less soluble and showed an optimum ratio of 4: 6. It is therefore necessary to maintain careful control of complexing conditions when working with poly I : C.
